Assessing the price evolution of houses on the basis of average sales prices, as is current practice in Belgium, might be misleading due to changing characteristics of the houses sold in the periods observed. A hedonic index which takes into account changes in characteristics is more appropriate. We use the budget surveys of the Belgian Statistical Institute to illustrate how this applies for Belgium. The estimated hedonic price index for house sales on the secondary market is practically everywhere below the index based on average sales values. This demonstrates the need to collect more extensive data on the characteristics of the dwellings sold in Belgium.
I. INTRODUCTION
In recent years the topic of housing undoubtedly has pushed itself to the forefront of the public debate in many Western countries. During the last months, The Economist had articles in which housing and housing markets figured prominently in at least 6 issues. The soaring house prices, or at least the perception thereof, might not be alien to this increased interest. Belgium is no exception in this respect. With clock-like regularity newspapers and economic magazines report about the price increases. And policy makers devote increasing attention to the perceived problem of unaffordability of house acquisition.
There is abundance of reasons to motivate this increased interest in the "price" of houses. Indeed, whereas equity holdings, such as stocks and bonds, are mainly concentrated in the upper regions of the wealth distribution, housing is the major asset in most households' portfolios, certainly in countries with high rates of homeownership. In Belgium e.g., the share of owner-occupied housing has risen from 59% of all households in 1980 to 71% in 2002 71% in (OECD (2004 ).
1 As such, house price changes not only affect the possibility for younger generations to choose this desired portfolio composition, it can also have potentially large effects on the wealth of owners. Not surprisingly therefore, one of the major items discussed in recent years concerns the question whether at least part of the rapid increase in house prices over the last few years is speculative in nature comparable to the stockmarket bubble that burst in 2000. Although opinions about whether there is a speculative bubble in the housing market diverge quite widely, what is above all doubt is the need for a reliable house price index to properly start investigating the issue. Stronger even, McCarthy and Peach (2004) show that the expected magnitude of macroeconomic effects following a flattening or decline in house prices, crucially hinges on the price concept used for evaluating house price evolution. Also behavioural models of the housing market, trying to explain the purchase of a house, or the length of the spell of staying in a given dwelling (such as, among many others, Capéau et al. (2003) ; Kan (2000) ; Haurin and Chung (1998) ; Goodman (1995); and Kendig (1984) ), cannot do without a proper house price index. Finally, the construction of a welfare measure related to housing needs an estimate of real housing consumption. Starting from nominal house values, the first requirement to make comparisons over time is evidently to divide the nominal values by an appropriate price index.
Yet, a price index for houses is less straightforwardly constructed than in many other cases. Indeed, dwellings are outstanding examples of non homogeneous commodities. They differ considerably in structural characteristics such as the presence of amenities, surface and location. Although this is not a problem as such -price indices precisely aim at aggregating prices of non homogeneous commoditiesit becomes a problem when the composition of the sample on which the price index is based does change over time as far as these structural characteristics are concerned. Therefore, assessing the price evolution on the average or median sales values of houses sold in a given period, is not the scientifically sound way to measure price changes over time. That the difference is relevant is shown by McCarthy and Peach (2004) . Over the period 1977-2003 they report the percentage increase of the "median price of new homes sold" in the US to be 311, whereas the "constant quality new home price" increases by only 199 percent (p. 3). One third of the price increase is removed if quality is kept constant. Also in Belgium statements in the public domain (real estate agencies, press, but also government officials) about the house price evolution seem to be based on the evolution of average sales prices through time. The most often used and cited index in Belgium is the Stadim index, and it essentially comes down to an average (or quantile value, like the third quartile) of the sales values in a given year without correction for the changing structural characteristics of the dwellings sold that year.
2 Yet, the methodology to implement more accurately the theoretically sound concept of a price change, by keeping quality constant, is available in the form of hedonic price indices. The estimation of a hedonic regression for the sales value of houses sold in different periods, enables to isolate the effect of changing characteristics on the sales value. This allows one to estimate the evolution of prices over time under the ceteris paribus clause that characteristics (and hence quality) are kept unchanged, exactly as is required to construct a genuine price index.
In other countries such as the US, the use of hedonic indices is more widespread (e.g. McCarthy and Peach (2004) ; Wallace (1996) ; Meese and Wallace (1991) ; Mills and Simenauer (1996) ). Also in the UK an often cited index, the Halifax index, is based on hedonic regression analysis.
3 And recently, academics and notaries have put efforts together in France to construct hedonic price indices for several French communities and districts (Laferrère (2003) ). The notaries record all sales in a given period together with the characteristics of the dwellings sold. The methodology of estimation of the hedonic regression and the regression itself is done by the French statistical agency INSEE.
In this paper we apply the methodology of hedonic regression to illustrate the possible divergence between the price evolution based on average sales values and one based on a hedonic index for Belgium. We use the sales values of houses and their characteristics from the last four available budget surveys of the Belgian Statistical Institute. Unfortunately, these data do not allow us to pronounce clearly upon the question how much of the reported price increases by e.g. Stadim, are due to quality changes. The information in the budget surveys is too limited, and, contrary to many other countries, there exists no publicly available database in Belgium in which both sales values and detailed characteristics of sold houses are recorded. Our empirical work is therefore at best illustrative of the possibilities of the methodology, and a plea in favour of the recognition of the need for more accurate and reliable data for the construction of a genuine house price index in Belgium.
The remainder of the paper is organised as follows. In section II we describe the technique of hedonic regression. Section III describes the data we have at our disposal, and in section IV we show and discuss the results. Section V concludes.
II. HEDONIC REGRESSION
The fact that price p t in time period t is the factor by which we multiply the quantity q t to obtain the value v t of this quantity at time To be freed from the interference of the multiplication of price and quantity, one possibility of course, would be to study the evolution of sales values for homogeneous categories of dwellings. Unfortunately, from a practical point of view, this greatly reduces the scope of the possibility of empirical work whatsoever. Simply because each dwelling is a unique commodity, with its own unique characteristics such as location, age, amenities, surface etc.
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A more promising route therefore is to try to model the sales value of a commodity sold at time t as a function of its characteristics at time t, picking up the change in quantity, and the time period at which it is sold (Malpezzi (2003) ). Formally, we disentangle the change in prices and quantities, by writing:
where we will empirically specify the quantity term in function of characteristics of the dwelling, and the price term in function of the period when a dwelling was sold. Denoting the vector of structural characteristics of a dwelling i from a sample of dwellings sold in period t of T periods as S i (t), the vector of neighbourhood characteristics as N i (t), and the vector of geographical characteristics as G i (t), we choose a linear specification for the second term in (1):
to estimate the coefficients β, γ and λ. The disturbance term is denoted by ε i . We first rewrite the price term in (1) by using the identity:
in which δ tτ denotes the Kronecker delta, i.e. δ tτ = 1 if τ = t and δ tτ ∞ ∞ =∞ ∞0 if τ∞ ∞≠∞ ∞ t. In an empirical analogue of (1) this Kronecker delta appears
as a dummy variable which takes the value 1 for the year in which the dwelling has been sold, and 0 otherwise. This gives us:
where the vector T i which has length equal to the number of periods considered, consists of these dummies for dwelling i (they are all zero, except in the period t∞ ∞ =∞ ∞τ in which dwelling i has been sold, where it takes the value of one). Comparing the second term in (4) with (3), shows that estimates of the coefficients on the period dummy variables, , provide us with an estimate for ln p(τ). Transforming this logarithm of the price in period τ in a price level by means of exponentiation, and normalizing p(0)∞∞=∞∞1 for the reference period 0, we obtain the estimate for the price index for period τ, say as 5 :
III. THE DATA We use data from four Belgian household budget surveys (1997-1998, 1999, 2000 and 2001) of the Belgian Statistical Institute to estimate the price index in (5) for Belgium. There is no doubt that better data might be conceived for this purpose. The major limitation lies in the fact that we do not dispose of a description of the characteristics of the dwelling at the moment at which it has been sold, i.e. at the moment for which the sales value is observed. The only characteristics of the dwelling recorded in the survey are the ones at the moment of the survey. Yet, to the best of our knowledge no better information is currently publicly available in Belgium, and at least a considerable amount of potentially useful information on owneroccupied housing is available in these budget surveys.
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In Table 1 we give an overview of the kind of information that can readily be found in the respective surveys together with some summary statistics. The first two columns refer to the full sample of 8264 owner-occupiers. For the hedonic regression we discard households that had their house newly built and confine the analysis to households that have bought on the secondary market. The information for this subsample of 4833 households can be found in the last Table 1 . We first describe the characteristics for the full sample.
The majority of households live in a house (88%) rather than an apartment (12%), with detached and semi-detached dwellings making up the larger part. The average number of bedrooms is 2.9, and the average floor surface amounts to 118 m 2 . The latter figure is an approximation obtained by adding the surfaces of the different rooms the dwelling consists of. Note that lot size, a variable which is widely used in hedonic price regressions, is not registered in the budget survey. Of all owneroccupiers in the sample, 90% dispose of a garden, and 70% of a garage. In the full sample we have more than half of the households living in Flanders, but in the subsample used in the regressions this percentage reduces to 43%. The precise year of construction is not recorded in the budget survey, but approximated by intervals. A bit less than one third of the dwellings dates from before 1946. We used these intervals to identify whether the house was acquired on the primary or the secondary market. When the year of purchase is inside the interval of construction we classified the house as newly built. Obviously, in the subsample of the secondary market, older dwellings make up a larger fraction of the sample (those constructed before 1946 now make up more than half of the sample). We also used these intervals of years of construction to approximate the age of the dwelling, by subtracting the mean year of each of these intervals from the year of purchase. The average age of a dwelling at the moment of purchase, was 27.2 years in the full sample, and 47 in the subsample used in the regressions. As far as the amenities are concerned, nearly all houses have running water. The heating technology is mainly central heating (more than 75%) on either oil or gas.
With amenities and heating possibilities, we touch upon an important limitation of the information in the budget survey to estimate the price index. The reason is that all characteristics of the dwelling, except of course the price at which it was acquired, are recorded at the moment of the survey. In case some amenities were not present at the moment of purchase (e.g. one has bought a house without central heating but had it installed later), or, more generally, that the characteristics have changed since the moment of purchase, they are of course not the appropriate variables to take up in a regression which explains the sales value at the moment of purchase. Therefore we have made a selection of characteristics for which the assumption of no change since the moment of purchase, was not too unreasonable. We have indicated them in italic in Table 1 . For example, we assume that the number of rooms and their floor surface, recorded at the moment of the survey, is still the same as it was at the time of purchase. This assumption definitely introduces error in the estimation, makes a comparison with the Stadim index illustrative at best, and seriously hampers a policy relevant interpretation of the index we will obtain. Yet, until detailed quality and price information about the housing market will be collected and become available, this is the only way to construct at least some sound price index for Belgian dwellings, and it does not prevent us from investigating on the same set of data the amount of bias by using average sales values.
IV. RESULTS
A. Average sales prices in the budget survey Figure 1 displays the sales prices of houses in the budget survey bought on the secondary market before correction for quality changes of the sample (the black line), and compares it with the Consumer Price Index and the often cited Belgian price index for houses of Stadim. 1954 1959 1964 1969 1974 1979 1984 1989 1994 1999 average sales price CPI Stadim index
House values on the secondary market have risen much faster than the general level of prices as measured by the CPI. The average sales values recorded in the budget survey do rise less sharply than the Stadim index. One of the reasons for this might be that the data in the budget survey suffer from 'recollection bias', i.e. people that purchased their house a long time ago might not remember the exact price (or even approximately) at the time of the survey. But in general the pattern is the same: a sudden and sharp increase from 1974 to 1979, followed by a pronounced slump in the first half of the eighties. From then on, the house prices clearly depart from the CPI, for which the rate of increase slows down. In Figure 2 , we zoom in on these rates of change. We confine the picture to the data since 1975, because of the low numbers of sales recorded in the budget survey for the earlier years (see Table A1 in the Appendix). the prices during the first half of the eighties. Since 1985, house values started to rise again, and since 1986 they rise continuously faster than the general level of prices. The question is which part of this change reflects a change in the characteristics of the sample of houses sold on the secondary market each year and which part constitutes a pure price change. To deduce this, we turn to the hedonic regression.
B. A hedonic regression for the secondary market in Belgium
In Table 2 the regression results for specification (4) are shown. We also included a bunch of district dummies, but for obvious space limitations, we do not show the results here. 8 The same applies to the year dummies in (4).
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The most common amenities, such as a dining room, a sitting room and a living room, have a positive but not statistically significant impact on the purchase price of a dwelling. The exception is the number of kitchens, which seems to have a negative influence on the sales value, but again, this effect is not statistically significant. Probably the lack of variability in the data for these variables (see Table 1 ) shows up here in lack of statistical significance. The number of bedrooms, bathrooms, toilets and other rooms, on the other hand, do have a (statistically) significant effect on the prices paid. Adding an extra bedroom for example leads to an increase in sales value by approximately 6%, whereas an extra bathroom increases the value by about 15%, ceteris paribus. A larger floor area results in a higher purchase value, but this increase in value decelerates as the floor area becomes larger and larger, be it at a slow rate.
10 Similarly, as the building gets older the purchase value decreases.
11 If we reduce the interpretation of the differentials in sales value to differences at the demand side of the market, the fully detached dwelling, which is the reference category for the dummies taking up the effect of the type of dwelling, seems to be the preferred type of dwelling by the Belgian homeowners. The sales values of all other types of dwelling are lower than that of the reference category although the difference is not always statistically significant. Compared to detached dwellings fully enclosed dwellings sell at values that are about 15% lower and apartments in buildings of 5-9 and more units sell at values that are on average 23 % lower. A garden or a garage on the other hand positively influences the sales value. Figure 3 shows the evolution of the hedonic price index calculated on the basis of expression (5) and the average sales values for the same data in the budget survey. If we remove the variation in the "basket" of houses on which the index for average sales prices is based, we find that the hedonic price index has lagged behind the increase in the sales prices. The difference in inflation rates is explicitly displayed in Figure 4 . 1954 1959 1964 1969 1974 1979 1984 1989 1994 1999 average sales price hedonic index
C. A constant quality house price index for Belgium
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FIGURE 4
House price inflation in the hedonic index as compared to the average sales prices in the budget surveys 1975 1977 1979 1987 1989 1991 1993 1995 1997 1999 average sales price hedonic index 2001 1983 1981 1985 Year by year the difference between the black bars (inflation in the sales values) and the shaded ones (inflation in the hedonic index), show the importance of the correction for varying characteristics in the stock of dwellings sold over time. Figure 4 shows that this correction is substantial, and that it goes in both directions. Sometimes the hedonic price inflation is higher than the one of the sales values in the budget surveys, sometimes it is lower.
12 Over the whole period, the hedonic index goes up by 825 percent, whereas the sales values increased by 1018 percent, a finding in line with McCarthy and Peach (2004) . In terms of yearly inflation rates, the average house price inflation comes down from 8.2 percent when measured by means of the changes in the average sales value, to only 6.0 percent on the basis of the hedonic index (or a bit less than a quarter of the perceived change in the sales value disappears when correcting for quality differences in the samples). Moreover, if we prevent the cancelling out of the positive and negative values, the average absolute deviation in the yearly inflation of house prices is 12.9%, compared to an average yearly change of the sales value of 17.8%.
We repeat that the hedonic index obtained here cannot aim at replacing existing indices for the moment. Therefore our data are too limited. This is illustrated by the rather low R 2 -statistic of 0.64 in Table 2 , indicating that our hedonic regression is to a large extent unable to explain the observed heterogeneity of sales values in each period. The negative conclusion out of this might be that the bias in the currently used sales value indices instead of true price indices is only of minor importance. But we prefer a more optimistic conclusion. Since a reliable index requires the observation of characteristics and values to occur at the same moment in time, the poor fit may not come as a surprise here. Since the characteristics are recorded at the time of the survey, considerable renovations and/or improvements might have taken place since the time of purchase. The relation between sales value and characteristics will thus be distorted and therefore, in this paper, we limited the set of explanatory variables to those which might be assumed to have remained unchanged between the time of purchase and the time of the survey, inevitably resulting in a bias due to omitted variables. This only reinforces our plea in favour of serious collection of data on values and characteristics. Although values on some important characteristics are currently already being collected, they are not directly accessible and certainly do not span the range of data that would ideally be needed to construct a proper price index.
V. CONCLUSION
In this paper we have tried to show how indices based on average sales prices of, usually, different dwellings can give quite a different account of house price evolution than an index that takes into account differences in (levels of) characteristics and their individual contributions to the price. We have argued that the sales value is the product of the price per unit of housing times the quantity of housing units. Differences in sales values thus come from two different sources, price and quantity. We have disentangled these effects by use of a hedonic regression on budget survey data for Belgium. Due to the difference in the moments of observation between sales values and corresponding characteristics, only a subset of the latter were used, i.e. those that presumably remained unchanged between the time of purchase and the time of survey. A semi-logarithmic specification was used to estimate the model. More sophisticated models have been used in the literature, both (semi-)parametric and nonparameteric (see Meese and Wallace (1991) ; Knight et.al. (1995) ; Malpezzi (1999) ; Anglin and Gencay (1996) ; Gilley and Pace (1995) amongst others). However, since the main intention was to show the discrepancy that might arise between an average sales price index and a hedonic price index and since the exact contribution (or price) of each characteristic was of no concern here, we did not go too far in the model specification (Börsch-Supan (1987) , more specific studies can be found in e.g. Quang Do and Grudnitsky (1993) ; Malpezzi et.al. (1987) and Clapp and Giaccotto (1998) ).
The results clearly indicate that caution is indeed warranted when drawing general conclusions from average sales price indices. Although the comparison should be interpreted with caution due the lack of appropriate and publicly available data, the exercise clearly shows a considerable discrepancy between an average sales price index and a hedonic index, even if we compare the hedonic index with an index based on average sales values calculated from the same data. Partly because of the 'recollection bias' and the, for this kind of exercise, limited amount of data (both in number of observations and number of characteristics) the results reported here probably underestimate the potential bias in the house price index. They do however indicate the usefulness of collecting data that are suitable for more grounded and elaborate hedonic price regressions and hedonic price indices for the housing sector. Data that come to mind include data on neighbourhood characteristics, proximity to city and business centre, access to public transportation, etc.
The severity of erroneously relying on such indices depends on the situation. If one is interested in the evolution of sales values of properties that are or become available on the market the reliance might be less problematic. But since important aspects of housing policy inevitably start from a sound and reliable account of house price evolution, this data collection is a necessary first step in the design and development of tools for policy making and evaluation in the housing sector. Hedonic price estimates can then be used as input to social housing policy, as a tool to evaluate rent subsidy programs and even for real estate appraisal in general (Malpezzi (2003) ). 
